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(54) Single-transverse-mode 1 x n multi-mode interferometer type semiconductor laser device 



(57) In a semiconductor laser device, a first section 
(S 2 ) including a single-mode waveguide and a second 
section (S 3 ) including N (N= 2, 3...) single-mode 



waveguides are provided. A third section (S-,) including 
a 1XN multi-mode interference type waveguide is pro- 
vided and has an end connected to the first section and 
has another end connected to the second section. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

[0001 ] The present invention relates to a semiconduc- 
tor laser device, and more particularly, to a single trans- 
verse-mode semiconductor laser device or laser diode 
(LD) having an optical waveguide structure providing 10 
high optical output characteristics. 

Description of the Related Art 

[0002] In today's world, optoelectronic technologies 1$ 
have achieved a remarkable development and have 
found a variety of applications including those of record- 
ing/reproducing information such as compact disks 
(CDs) and those of optical communication that uses op- 
tical fibers. Various LDs have beeen developed in the 20 
course of the development of optoelectronic technolo- 
gies. For instance, semiconductor laser diodes adapted 
to near infrared or visible light are used for CDs, where- 
as those adapted to a large wavelength band are used 
for optical communication. Thus, LDs take a significant 25 
part in the optoelectronic technology. 
[0003] Among LDs that are currently available and 
structurally differentiated, waveguide type LDs typically 
have a configuration adapted to a single-transverse- 
mode waveguiding. CDs are required to have a high re- 30 
cording density in order to store a large volume of data 
and a single-transverse-mode laser beam has to be 
used for recording data densely. Moreover, for optical 
communication, the use of a multi-mode signal beam is 
not suitable for long distance transmission because of 
the adverse effect of multi-mode dispersion so that 
waveguide LDs adapted to emit a single-transverse- 
mode laser beam are generally used. 
[0004] In order to produce a single-transverse-mode 
beam, a single mode waveguide that has a limited width 
and is adapted to cut off any multi-mode beam is typi- 
cally used for the waveguide of an LD. More specifically, 
the width of the active layer of the waveguide of the LD 
is limited to about 2 to 4 u,m. Thus, only a small electric 
current can be injected into the LD which results in lim- 
iting the optical output of the LD. One of the simplest 
ways to inject a large electric current and improve the 
saturated optical output is to use a waveguide having a 
large width for the LD. However, this technique contra- 
dicts the restrictions for realizing a single-transverse- 
mode waveguide as described above, so that the output 
level of an LD has so far been limited for technical rea- 
sons. Various solutions have been proposed to solve 
this problem. 

[0005] A first prior art LD uses a wide mode-filter in- 
tegrated multi-mode waveguide to form a major optical 
excitaion region to improve the saturated optical output 
The multi-mode waveguide excites not only a single 



mode beam but also higher order mode beams such as 
a first-order mode beam and a second-order mode 
beam; in this case, the higher order mode beams are 
extracted by the mode filter (see P. Vankwikelberge et 
al., "Local Normal Mode Analysis of Index-Guided Al- 
GaAs Lasers with Mode Filter", IEEE Journal of Quan- 
tum Electronics, Vol. QE-23, No. 6, pp. 730-737, June 
1987). 

[0006] However, since neither the optical energy of 
the first-order mode beam nor the optical energy of the 
second-order mode beam contribute to the optical out- 
put of the single mode beam, this first prior art LD shows 
a poor efficiency of transforming electric energy into op- 
tical energy if compared with the conventional single 
mode LD. 

[0007] A second prior art LD uses a phase-locked 
semiconductor laser diode array where a plurality of 
semiconductor laser diodes such as 20 semiconductor 
laser diodes are arranged with a certain spacing per- 
pendicular to the direction of an optical waveguide to 
cause resonance in order to generate a high single 
mode output level. In this case, theoretically more that 
20 semiconductor laser diodes can be arranged (see L. 
J. Mawstetal., "Resonant self-aligned-stripeantiguided 
diode laser array", Appl. Phys. Lett. 60 (6), pp. 668-670, 
Feb. 10, 1992). 

[0008] In the second prior art LD, however, since it is 
structurally complex, it is difficult to manufacture such 
LDs at a high manufacturing yield. Additionally, the 
structure has little tolerance for satisfying the reso- 
nance-related requirements and hence it is difficult to 
manufacture such LDs with an enhanced level of repro- 
ducibility. 

SUMMARY OF THE INVENTION 

[0009] It is an object of the present invention to pro- 
vide a semiconductor laser device that has a simple con- 
figuration and can be manufactured in a simple manner 
to generate a single-transverse-mode beam with an en- 
hanced output level. 

[0010] According to the present invention, in a semi- 
conductor laser device for outputting a laser beam in a 
single transverse mode, an optical waveguide structure 
including a 1 X N (N= 2, 3, ... ) multi-mode interference 
type optical waveguide is provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The present invention will be more clearly un- 
derstood from the description as set forth below, with 
reference to the accompanying drawings, wherein: 

Fig. 1 is a perspective view illustrating an embodi- 
ment of the semiconductor laser device according 
to the present invention; 

Figs. 2A and 2B are cross-sectional views taken 
along the lines I - 1 and ll - II , respectively, of Fig. 1 ; 
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Figs. 3, 4, 5, 6 ,7 and 8 are diagrams for explaining 
the method for manufacturing the semiconductor la- 
ser device of Fig. 1 ; and 

Fig. 9 is a diagram for showing a relationship be- 
tween N and the width of the MMI region of Fig. 1 . s 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0012] In Fig. 1 , which is a perspective view illustrating 10 
an embodiment of the present invention, a semiconduc- 
tor laser device having a 1 .5 jam band is illustrated. The 
semiconductor laser device is divided into three 
waveguide sections S-, , S 2 and S 3 . In this case, the mul- 
ti-mode waveguide section S-, is arranged between the is 
single-mode waveguide sections S 2 and S 3 . The multi- 
mode waveguide section S n is about 280 jam long, and 
each of the single-mode wave guide sections S 2 and S 3 
is about 50 u.m, to make the total length of the device 
equal to about 380 urn. 20 
[0013] The multi-mode waveguide section S 3 is de- 
signed as a 1 x 3 multi-mode interferometer (MMI). 
[0014] As illustrated in Figs. 2 A and 2B, which are 
cross-sectional views taken along the lines I - I and II- 
II, respectively, of Fig. 1, the layered structure as illus- 25 
trated in Fig. 2A is the same as the layered structure as 
illustrated in Fig. 2B, and the only difference therebe- 
tween is in the width of the waveguide. For example, the 
width W1 of the waveguide of the multi-mode waveguide 
section S 1 is about 18 um, and the width W2 of the 30 
waveguide of the single-mode waveguide sections S 2 
and S 3 is about 2 urn. 

[0015] In Figs. 2A and 2B, reference numeral 1 des- 
ignates an n+-type InP substrate. Also, an n-type InP 
buffer 2, an InGaAsP active layer 3 and a p-type Inp clad 35 
layer 4 are formed on the InP substrate 1. In addition, a 
p-type InP burying layer 5 and a p + -type InGaAs cap 
layer 6 are formed thereon. Further, a p-type electrode 
7 and an n-type electrode 8 are formed on the front and 
back surfaces, respectively. 40 
[0016] The method for manufacturing the device of 
Figs. 1 , 2 and 3 is explained next with reference to Figs. 
3, 4, 5, 6, 7 and 8. 

[001 7] First, referring to Fig. 3, an about 1 00 nm thick 
InP buffer layer 2, an about 1 00 nm thick I nGaAsP active 45 
layer 3 (\ = 1.5 urn), and an about 200 nm thick p-type 
InP clad layer 4 are sequentially grown on an n + -type 
InP substrate 1 by using a metalorganic vapor phase 
epitarxial (MOVPE) process. 

[0018] Next, referring to Fig. 4, an etching mask 41 is so 
formed by using a photolithography and etching proc- 
ess. Then, the p-type clad layer 4, the InGaAsP active 
layer 3 and the n-type buffer layer 2 are removed by a 
reactive ion etching (RIE) process using the etching 
mask 41. As a result, a mesa structure as illustrated in ss 
Fig. 5 is obtained. 

[0019] Next, referring to Fig. 6, a silicon oxide layer is 
deposited on the entire surface by a thermal chemical 



vapor deposition (CVD) process, and is patterned to 
form a silicon oxide mask layer 61 along the lateral side 
of the mesa structure. Then, an about 2 u.m thick p-type 
InP burying layer 5 and an about 200 nm thick p-type 
InGaAs cap layer 6 are sequentially grown by using an 
MOVPE process. Then, the silicon oxide mask layer 61 
is removed, and the device as illustrated in Fig. 7 is ob- 
tained. 

[0020] Next, referring to Fig. 8 the back surface of the 
device is polished, and an n-type electrode 7 and a p- 
type electrode 8 are formed by using a sputtering proc- 
ess. 

[0021] Finally, the device is cleaved. Then, an anti- 
reflection (AR) coating is applied to a facet on the 1 -side 
of the device, and a half reflection (HR) coating is ap- 
plied to a facet on the N-side of the device. 
[0022] Now, the characteristic properties of the sem- 
iconductor laser device according to the present inven- 
tion will now be described. A multi-mode waveguide 
section S n is formed on the basis of the multi-mode in- 
terference (MMI) theorem. The MMI theorem is known 
and used for designing 1 x N or N X N branching/cou- 
pling passive optical waveguide (see: Lucas B. Soldano 
et. al., "Optical Multi-Mode Interference Devices Based 
on Self-Imaging: Principles and Applications", Journal 
of Lightwave Technology, Vol. 13, No. 4, pp. 615-627, 
April 1 995). 

[0023] The equations below can be drawn from the 
MMI theorem to obtain the MMI length L n . 

WerWH (X o /7t)(Nc/Nr) 2a (Nr 2 -Nc 2 )' 1/2 (1) 

L n = 4NrWe 2 /3 X Q (2) 

where L and W1 respectively represent the length and 
width of an MMI setion, Nr represents the refractive in- 
dex of a waveguiding region and Nc represents the re- 
fractive index of a cladding layer, X Q represents the 
wavelength of an incident beam, and a represents a val- 
ue equal to a = 0 in a TE mode and equal to a = 1 in a 
TM mode. 

[0024] According to the MMI theorem, if the following 
condition (3) is satisfied: 

L=(3/4N)Lk (3) 

[0025] where N is a positive integer, it is known that 
the MMI section behaves as a 1 X N optical waveguide. 
[0026] On the basis of the above theorem, it is possi- 
ble to design a 1 x N-MMI optical waveguide where the 
MMI section provides a multi-mode optical waveguide 
having a large width but only a single-mode beam (base 
mode beam) can be transmitted at a facet thereof. 
[0027] Equations (1), (2) and (3) define the relation- 
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ship among the length L of the MM! section, the positive 
integer N and the width W1 of the MMI region. If, for 
example, the length L of the MMI section is invariable, 
then it will be understood from equation (3) that the value 
of L % increases as N increases and from equation (2) 
that the value of We increases as L n increases. Addi- 
tionally, it will be understood from equation (1) that the 
value of the width W1 of the MMI section increases as 
We increases. Thus, the width W1 of the waveguide can 
be increased by raising the value of N. 
[0028] Fig. 9 shows the values of N and the width W1 
of the waveguide obtained by calculation when the 
length L of the MMI section is L=280 pirn. Since N rep- 
resents a positive integer, W1 will show a discrete value. 
More specifically, it will be seen that the value of W1 
monotonically increases as N increases. Therefore, with 
the above described design theory, W1 can be in- 
creased by raising the value of N by applying a 1 X N- 
MM1 waveguide to the waveguide structure of an LD if 
the length of the device is invariable. Since the restric- 
tions on the saturated injection current are made less 
rigorous as W1 is increased so that it is possible to ob- 
tain a very high optical output level by injecting a large 
electric current. Note that a 1 X 3-MMl optical 
waveguide is used in the embodiment and it will be seen 
that the width of the waveguide is made as wide as 18 
u.m by using a 1 X 3-MMl optical waveguide. 
[0029] In a conventional single-mode waveguide hav- 
ing a layered structure like the above embodiment, the 
width of the waveguide is limited to about 2 u.m over the 
entire length of the waveguide. In other words, the width 
of such a waveguide is substantially limited over the en- 
tire length of the device to a value equal to the width W2 
of the waveguide of the single-mode waveguide section 
S 2 of Fig. 1 . 

[0030] On the other hand, as described above, the 
above embodiment of the semiconductor laser device 
is so designed that the LD operates as a 1 X 3-MMI 
optical waveguide, so that a single-mode beam can be 
made available at a facet of the device if the optical 
waveguide has a width of 1 8 um which is about 9 times 
of the width of the conventional single mode waveguide 
and, at the same time, the device can produce a very 
high optical output. 

[0031] Since a 1 X N waveguide structure is used for 
the LD of Fig. 1, the device generates a single-mode 
beam at one facet and a multi-mode beam at the other 
facet. 

Since the LD of Fig. 1 is designed to generate a single- 
mode beam at one facet of the device, no problem oc- 
curs although it generates a multi-mode beam at the oth- 
er end. More specifically, the facet carrying a HR coating 
operates as a facet where three single mode 
waveguides are combined to generate a multi-mode 
beam, whereas the opposite facet carrying an AR coat- 
ing operates as a facet where a unitary single mode 
waveguide is provided to generate a single-mode beam. 
Th us, a desired beam is obtained with a very high output 



level at the end carrying an AR coating. 
[0032] Thus, on the basis of the above described the- 
orem, even if a semiconductor laser device includes an 
MMI section that has a very wide multi-mode optical 
5 waveguide, only a single mode beam is generated at a 
facet thereof with a very high optical output level. Such 
an LD transforms all the higher order mode beams into 
a single mode beam to remarkably improve the efficien- 
cy of transforming electric energy into optical energy. 
10 [0033] The layered structure of the above described 
embodiment is substantially the same as that of the con- 
ventional semiconductor laser device, so that it can be 
manufactured by using a method of manufacturing the 
conventional semiconductor laser device. In other 
15 words, any established simple manufacturing facility 
can be used to manufacture the semiconductor laser de- 
vice according to the present invention at a high manu- 
facturing yield with an enhanced level of reproducibility. 
Since the semiconductor laser device according to the 
20 present invention is structurally simple, it can suitably 
be used for an integrated optical device. 
[0034] While the 1 X N structure of the above de- 
scribed embodiment is a 1 X 3 structure, the present 
invention is by no means limited thereto so long as N 
25 represents a positive integer. For example, a 1 X 4 or 1 
x 5 structure may be used for the purpose of the present 
invention. While the above described embodiment has 
a simple buried structure, the present invention is not 
limited thereto, and therefore, it may alternatively have 
so a double channel planer buried heterostructure (DC- 
PBH) that shows an excellent current confining effect. 
While a 1 .5 u.m band is selected for the laser wavelength 
of the above embodiment, the present invention is not 
limited thereto and a visible light band or a near infrared 
35 band may alternatively be used for the purpose of the 
present invention. 

[0035] In the above-mentioned embodiment, al- 
though an MOVPE process is used for the crystal 
growth, a molecular beam epitaxy (MBE) process or a 
40 metalorganic chemical vapor deposition (MOCVD) 
process can be used. Also, aethough an RIE process is 
described above as being used for forming a mesa 
structure, a wet etching can be used therefor. 
[0036] As explained hereinabove, according to the 
45 present invention, a single mode output beam can be 
obtained at an enhanced output level, and also, a low 
threshold current density and a high efficiency of trans- 
forming electric energy to optical energy can be ob- 
tained. Additionally, since the semiconductor laser de- 
50 vice according to the present invention has a relatively 
simple structure, such a semiconductor laser device can 
be manufactured at a high manufacturing yield with an 
enhanced level of reproducibility. 
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Claims 

1 . A semiconductor laser device for outputting a laser 
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beam in a single transverse mode, comprising an 
optical waveguide structure including a 1 x N (N = 
2, 3, ...) multi-mode interference type optical 
waveguide section (S-,). 

5 

2. The device as set forth in claim 1 , wherein said op- 
tical waveguide structure comprises a single-mode 

. optical waveguide section (S 2 , S 3 ) connected to one 
of ends of said multi-mode interference type optical 
waveguide section. *o 

3. The device as set forth in claim 2 wherein a width 
of said multi-mode interference type optical 
waveguide is larger than a width of said single- 
mode optical waveguide. is 

4. A semiconductor laser device comprising: 

a first section (S 2 ) including a single-mode 
waveguide; 20 
a second section (S 3 ) including N (N= 2, 3 ...) 
single-mode waveguides; and 
a third section (S.,) including a 1 X N multi- 
mode interference type waveguide having a 
first end connected to said first section and a 25 
second end connected to said second section. 

5. The device as set forth in claim 4, further compris- 
ing: 

30 

an anti-reflection coating applied to a facet of 
said first section; and 

a half-reflection coating applied to a facet of 
said second section. 

35 

6. The device as set forth in claim 4, wherein a width 
of said multi-mode interference type waveguide is 
larger than a width of each of said single-mode 
waveguides. 

40 
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Fig. 1 
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Fig. 2 A 




Fig. 2B 




n-InP 



n + -In 

zzzzzzzzzzzzzzzzzzzzzzzzzzzzz 



EP 0 898 346 A1 



Fig. 3 
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Fig. 4 
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Fig. 5 
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Fig. 7 
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Fig. 9 
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